rigorous season as expressed by the nature and the degree of protection possessed by the dormant perennating shoot-apices. The preliminary to this is a classificatioll of plants according to shoot-apex or bud protection, and the biological types or life-forms form the basis of the earlier memoirs (1, 2, 3, 4) .
Phanerophytes have their dormant buds on branches whichl project freely into the air; they are the trees and shrubs. Amongst these several modifications are recognised. (a) According to degree of protection one canl distinguish evergreens with naked or with covered buds, and deciduous species with covered buds these are fully illustrated in Raunkiaer's second and third papers (2, 3) . (b) According to size, since this is determined -by the relation between the plants atid the humidity of -the environment, one can distinguish (1) megaphanerophytes with a stature over 30 metres, (2) mesophanerophytes 8 to 30 m., (3) microphanerophytes 2 to 8 m., and (4) nanophanerophytes less than 2 m. high. Combining the groups (a) and (b), we have fifteen sub-types of phanerophytes.
Chamaephytes include plants with their buds or shoot-apices perennating on the surface of the ground or just above it (not exceeding 25 cm.), so that in countries with snow they will be protected in winter, while in other countries with a dry season some protection will be afforded by plant remains. The buds are thus better protected than in phanerophytes. The chamaephyte types include (1) active chamaephytes, with shoots diageotropic and persistent throughout their whole length-Empetrum nigrurn, Lysirnachia iVummularia, etc.; (2) passive chamaephytes with weak stems which lie on the ground -Stellaria Holostea, Cerastium trigynrqrn, etc.; (3) suffruticose chamaephytes, in which the perennating parts remain on the surface of the ground after the herbaceous parts have died away oil the approach of the critical season-many Mediterranean species of Lahiatae, Papilionaceae, etc.; (4) cushion plants. Obviously, it is sometimes difficult to draw a sharp line between this life-form, the phanerophytes which precede it, and the next type.
Hemicryptophytes have their dormant buds in the upper crust of the soil, just below the surface; the aerial parts are herbaceous and die away in the critical period, so that they form an additional protection to the earth-buds. The perennating parts may be long or short, laterally extended or forming coumpact root-stocks, hence the group includes a large number of our native woodlaiid and hedgerow species (Lamium album, Mercurialis perennis, etc.), and many rosette or half-rosette species (Caitha palustris, Bellis pereninis, CChrysanthemrum Leucanthemum, Taraxacumn, etc.) . This type may be siabdivided to a considerable extent.
Cryptophytes include plants with their dormant parts subterranean in the case of geophytes with bulbs, rhizomes, tubers on stem and root, and root-buds (Rumex A cetosella, etc.). Ainother division is characterised by semi-aquatic dormant buds-helophytes and hydrophytes. The helophytes or marshplants do not include all so-called marsh species, but only such cryptophytes as have their buds at the bottom of the water or in the subjacent soil-Typha. Sparganium, Acorus, Phragrnites, Sagittaria, etc. The hydrophytes (e.g. Nymphaea, Zostera, Hippuris, Elodea, Potamnogeton) have either perennatirig rhizomes, etc., or winter-buds.
Journ. of Ecology I 2 Therophytes, or plants of the favourable season, live through the unfavourable season as seeds; hence they are annual plants. They are specially characteristic of deserts and of regions under high cultivation. In temperate regions, two divisions are recognised: (a) summer-flowering annuals, (b) winter-flowering annuals-e.g. Viola tricolor-which pass through the winter in a vegetative condition.
Raunkiaer's papers, as well as an earlier paper by Warming in 1891, contain a wealth of observation and illustrations of the vegetative parts of iimany species, alnd form a distinguishing feature of the Danish school. Whilst the above grouping is easily enough determined in most cases, there is sometimes difficulty in deciding on the type, and-as Raunkiaer points out-a species may belong to one type in one country and to another type elsewhere. Thus, Ostenfeld (Botany of the Faroes, 1908) includes Montia lamnprosperma both as an annual of the corn-fields and as a perennial helophyte in natural formations; also Jfatricaria inodora var. phaeocephala as an annual in the potato-fields and as a perennial hernicryptophyte in the sand-strand vegetation.
In his 1908 paper (4), Raunkiaer bases his analyses on the following ten life-forms:
1. S = Stem-succulents. 6. Ch -Chamaephytes. This list, starting from the phanerophytes, forms a series in which each type is on the whole better adapted for the rigour of the critical period than the one preceding it. The succulents and epiphytes stand apart by themselves.
The utilisation of these life-forms in plant-geography is only indicated in a general way in the earlier papers, but in the 1908 one (4) this aspect is elaborated. In Table I we give a few of Raunkiaer's analyses for various types of climate; the locality is indicated, also the total species actually analysed, while in the later colutmins the results are given as percentages according to the grouping given above. Such an analysis for any region is termed a biological or phyto-climatic spectrumn,. The normal spectrum is the base-line, and the outstanding features of the other spectra are deduced by comparison, not by the highest percentage in their own curve, but by the atmiount of variation from the normal spectrum. The latter is, ideally, the phyto-climatic spectrum of the whole earth; actually, it is obtained by computation, and at present is given oluly as approximate. It was arrived at by first selecting 1000 representative species, and then taking 400 of these which were carefully analysed. This number 400 has been carefully controlled in various ways. Thus, taking the stem-succulents, the number of species known is about 1300, while the total species of flowering-plants (Raunkiaer excludes pteridophytes) is taken as 13,000: this gives the 1 per cent. of the normal spectrum. Again, the Compositae have been estimated as one-tenth of the total flowering-plant population of the earth, and of the actual 400 plants analysed, 45 were Compositae, hence the spectrum in this respect approaches to an average. Other evidenice deduced from his study of spectra leads Raunkiaer to reg,ard the normal spectrum as a good working hypothesis.
What do the numbers signify? If the numbers for Seychelles in Table I are considered, it will be seen that every life-form is represented, hence this is a rich and varied flora, differing most from the normal spectrum in the high percentage of MM and M, and the low percentage of H. If Seychelles and the Danish West Indian islands (St Thomas and St John) be conmpared, the same varied flora is revealed, but the optimum point is shifted to the right, N and Ch being distinctly increased in the tropical but drier climate of the Danish West Indies. This is further emphasized if the spectrum for Aden be compared: more extreme drought conditions have raised Ch and H. The moister tropics show in this as in other cases a marked preponderance of phanerophytes--in other words, they are distinguished by a phanerophytic climate. With increasing drought the conditions become more antagonistic to plant-life, and the less protected life-fornms give place to the more protected. Raunkiaer's statistics refer as yet only to the Northern Hemisphere, and within this he recognises three principal regional climate-zones:
(A) a tropical area with uniformn and high temperatures, but a varying humidity; passing northwards from this we lhave (B) an area of decreasing warmth correlated with an increasing difference between summer and winter, but with a precipitation suitable at most times for plant-life --such areas distinguish the eastern parts of the continental masses (America and Europe-Asia); (C) warmth decreasing from equator to pole as in B, but with decreasing precipitation, at least in sutmmer (although further north the conditions do not differ muuch from B)-characteristic of the western parts of the continents.
These clinmate-zones are characterised as A, B, and C climate-series respectively, and they are limited by biochores or plant-climate boundaries as suggested by Koppen. As yet Raunkiaer has not attempted to lay down the biochores except in a tentative manner. On exaiiining these climate-zones, it is seen in eastern North America (B series) that the southern spectra of the West Indies and Georgia have a large number of species with all the life-forms represented, and with a large proportion of phanerophytes. The series suggests three types of climnate-phanerophytic, hemicryptophytic, and chamaephytic. Western North America shows a C series, in which desert regions are strongly represented. In the south, Death Valley corresponds to Georgia, and the better protected forms predominate, especially the stem-succulents and therophytes. Further north there is closer agreement with the B series. In the Old World the climate-zone C( alone has been followed out. There, is here a distinct contrast between therophytic (above 30 per cent.) and hemicryptophytic (above 40 per cent.) climates. The therophytes increase in deserts, and again in the more cultivated areas (Denmark and Stuttgart). The application of the therophyte test is shown in Paulsen's recent memoir'; the Transcaspian lowlands lie near the southern Russian steppes (Yekaterinoslaw) and the Pamir highlands, but the spectrum reveals close similarity with desert regions adjoining the Mediterranean (Libya, Samos, Cyrenaica), and this with other considerations leads Paulsen to place Transcaspia with the deserts rather than with the steppes.
These statistical methods are also applicable to more limited areas, and a fairly exhaustive study of the Arctic region has been made (4). Here the chainaephytes become important guides, and significance is attached to the biochores indicated by 10, 20, and 30 per cent. of chamaephytes. Thus in Nova Zembla the chamaephyte percentage of the whole flora is 19, but a more detailed analysis shows that in the zone 70-7I' N. Lat., and in each degree-zone northwards the chamaephytes exceed 20 per cent. Summarisiing, it thus appears that from the equator northwards there is a definite series of biological spectra. The phanerophytes and therophytes develop with warmth, and northwards decrease and disappear. The cryptophytes, although widely distributed, also disappear in the north. The hemicryptophytes reach a maximum in temperate climates, where they remain constant at about double the normal spectrum. The chamaephytes increase northwards, and their biochores delimit certain phyto-climatic zones: (1) cold-temperate zone, the hemicryptophyte zone south of the 10 per cent. Ch biochore; (2) The application of these nmethods to altitudinal zones will be seen from the details of the Puschlav valley in Switzerland, shown in Table II . At lower levels there is a complete series from the phanerophytes; passing upwards there is a marked decrease of all groups except Ch and H, and the 10, 20, and 30 per cent. Ch biochores are revealed. The same succession holds good for other mountains which have been investigated; the variation in H is slight, that of Ch great, but the altitudes of the biochores vary greatly. Thus in the Western Alps the 20 per cent. Ch biochore is at 2440 metres; on Tatra in the Carpathians at 2200 min; in Noiway between 1000 aind 1200 m.; on Clova mountains in Scotland, between 700 and 800 m.; and in the Faroes somewhat below 500 m;
As Raunkiaer remarks, much remains to be done towards perfecting these phyto-climatic regions. The necessary spectra can only be constructed where the Uora is completely known, and recorded inuch better than is usually done in floristic works. In the circumpol-ar lands there is thus a gap as regards the flora of northern Canada, and growth-forms are too often very imperfectly described, even in the standard British floras for instance. From such defective material Raunkiaer has worked out a -system which all must admit is of the greatest interest and importance.
The system works much better in limited areas such as islands. Yet it is clear that our methods of subdividing continental areas with varying altitudes are so defective that any method such as Raunkiaer's merits careful consideration.
In 1909 (5) Raunkiaer applied his inethods to the study of strand vegetation in the Danish West IIndian islands where the soil is new, for instance in lagoons which are being formed and gradually filled up and covered with plants, and on sandy shores. He compared in detail a small peninsula of alluvial soil in Santa Cruz with a sandv peninsula on the coast of Denmark, and found that the percentage of growth-forms on the new soil in both localities depends upon the climatic and not upon the edaphic factors. The West Indian peninsula showed 69 per cent. of phanerophytes and the Danish peninsula 47 per cent. of hemicryptophytes-that is, in -both localities the same type predominates as in the countries to which they belong. He gives other examples to illustrate the fact that the geological age of a flora has no influence in determining its biological spectrum, which is determined solely by climate. He then considers the question whether the biological spectrum of a country can be changed by immigration from other countries, and points out that immigrated and naturalised species belong to the same growth-forms and in the same mutual proportion as the native plants of the country.
The sixth paper cited (6) is a study in " Forrnationslaeren," or the vegetation on a given soil or substratum, in contrast to "plant-climatology," the term suggested to define the grouping within the larger domains determined by climatic factors, as dealt with in our earlier part. Raunkiaer points out that hitherto the treatment of plant formations has been largely subjective, each observer estimating the value of the species, so that different observers may estimate the same formation differently. It is true that any of the exact methods, e.g. the quadrat method of Clements, the "gridiron" of Oliver and Tansley', and the Rothamsted method of analysing and weighing grass herbage, need much time, and probably have revealed the difficulties rather than solved theimi. Raunkiaer's method does not attempt a complete analysis of any unit-area, but it is claimed that it gives a correct expression of the mass-conditions of the species in any plant community (formiation) by means of mechanical enumeration, so that comparable results are obtained. The method consists in recording the species on a unit-area; each species counts as one, and no attempt is made to distinguish between common or rare species. After 50, 100, or more unit-areas of a given plant community are thus recorded, the occurrences are added; the dominant species may occur in each unit-area, the rare on very few. Table III , slightly abridged by omitting species hardly represented, shows-results from the analysis of a beech-wood undergrowth. Anemone nemorosa occurs in 5 out of every 5 areas examined, the other species are given on the same scale. The letters slhow that there are 7 geophytes, 10 hemicryptophytes, and 1 chamaephyte, and that Ane,mone nemorosa is to all the others as 6: 94. The number at the head of each of the first four columns gives the actual number of unit-areas examined and the size of the unit-area; the numbers are reduced to a scale with highest number 5, which Raunkiaer prefers to a decimal or percentage scale. The last column gives results by counting the number of shoots (leafy and flowering) of Anemone nemorosa on 1 sq. me.tre; 1281 were thus counted and their distribution is shown on a quadrat figure. The smaller unitareas are obtained by means of a wooden frame of the-requisite size which is thrown down and the included plants counted.
In a later paper (7) an improved type of apparatus is recommended. This consists of a ring to be fixed on a walking-stick; a piece of metal is fixed on the ring, with a screw-thread into which a metal rod can be screwed, and the length of this rod is equal to the radius of a circle of 01 sq. metre or any required unitarea. The stick is thrust into the ground at intervals, and the species occurring within the circle described by the tip of the rod are recorded and tabulated.
The importance of Raunkiaer's contribution lies in the careful examination of results obtained on unit-areas of different sizes'. That variable results are obtained will be seen from the table, and careful interpretation is necessary. It was found that the smiialler the unit-area the more closely does the percentage of Anem)one correspond to the actual couInt of shoots. The amount of time needed for a 10 sq. m. area is an objection; on the other hand, with simall areas great care must be exercised to exclude (as is done) tips of shoots within the frame but not rooted in the unit-area. These and other variations are fully dealt with in a series of tables. As the result of experience, Raunkiaer regards 01 sq. m. as the InoSt useful area. The number of readings is variable, but they must be carried on till a relatively fixed scale is reached so that further readings do not materially alter the averages from preceding readings; in the case of the beech-wood undergrowth dealt with, 50 readings of 01 sq. m. gave stability.
Referring to these variations Raunkiaer says (5, p. 38): "The table (Table III of this paper) shows that by using 0 01 sq. m. as unitarea, and also with 01 sq. m., each species acquires the same degree of frequency as in a shoot-counting method if the frequency be expressed in whole numbers from I to 5; if one uses half-degrees or a decimal scale in determining frequency then Cagea lutea and Oxalis Acetosella are greater it is true by half a degree; but in considering the affairs of nature, one cannot and ought not to place any value on a variation between two formations which merely consists in one or more species of one having a frequency, e.g. 2, while in the other formation they have 2-5 or 1-5."
It seems then that this method has its limitations and, as with all other methods, a certain amount of subjective common sense must be used, and this becomes more evident when the remiiainder of the memoir (pp. 41-129) is considered. This takes up the examiination of a number of representative types of vegetation in Denmark. Besides the statistical method just described, there is introduced the distribution of life-forms; thus, the Anemone nernorosa facies of the beech-wood is geophytic since the 01 sq. m. readings show geophytes 82 per cent., hemicryptophytes 18 per cent.
The first series of studies is on beech and conifer woods, scrub and cultivated lands on glacial clays and overlying humus soils. A second series deals with heaths, bogs, etc., on glacial sands, and a third with formations on salt soils. The types are too numerous to take up separately, but several examnples may be used to examnine the working of the statistical methods.
A successful application is evident in a comparison between (a) a grass-field one year sown, (b) grass-field 8 years old, (c) the field margins. It appears that of 110 species recorded 10 occur in all three situations, while in each case 5 or 6 species constitute over 66 per cent. of the whole vegetation. There is also a sharp distinction of the one-year grass by the preponderance of therophytes, while the 8-year grass and the field margins are mainly H and Ch. The decrease of Rumex Acetosella after the first year, and the increase of Ranunculus repens between the first and eighth years, are also revealed.
The examination of retrogressive scrub, with oak, hazel and blackthorn, destroyed by disforesting and grazing, a condition well-known in Britain, reveals some weaknesses of the mechanical method. In order to arrive at a list of the scrub vegetation, there are deducted "humus-planits" aind species presumed to have come from adjoining cultivated fields; there remains a reputed flora of the mineral soil. Here the experience of the observer is called on to discriminate, and one can imagine that the results of various observers might differ considerably.
The studies of the ground-vegetation of woods show the method in one of its best aspects-the detection of variations due to soil and illumination. Thus in one table (No. 22) The contrast between spruce hemicryptophytic wood and beech geophytic wood is also revealed. These and other studies show that the method has great value in showing up differences in the plant covering; it does not claim to explain the variations. Under the author's experienced guidance the results obtained are valuable guides and enable one to follow the distribution. But in unskilled hands a mechanical method may be made, by formidable numerical lists, to prove what statistics usually prove-namely, anything the speaker wishes ! It will still be possible to obscure important facts in plant distribution quite as much as any subjective method has done. Thus, in woods one frequently finds a drier type of vegetation interrupted by moist spring-flushes with an entirely different vegetation. If 50 readings are made at random and the results averaged, the existence of a flush vegetation might be masked, and another observer on the same ground but selecting only the drier vegetation would get a different set of statistics. In the same way, variations in illumination and topographical features might be slurred over by untrained observers. If, however, as Raunkiaer has shown, the divergent readings are kept apart, a considerable advance is possible in ecological studies. The heterogeneous nature of migratory formations on non-stabilised soils' is at once revealed, as in the salt-marsh vegetation described for Denmark. The method also works well in determining the composition of close vegetation like grassland, but it is not intended for determninations of yield per acre for agricultural purposes. In the case of uniform vegetation on stable soils, e.g. a Callunetum, the meagre floristic list and the openness of the vegetation should render elaborate statistical methods unnecessary.
Raunkiaer's work appears to have been hitherto somewhat neglected by all except Scandinavian botanists; among recent publications by the latter, containing results of general interest arising from the application of Raunkiaer's system in
